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© Fibre optic data coupler. 

® A fibre optic data coupler comprises 

(a) a fibre optic data link input module com- 
prising an input connector for a fibre optic connected 
to a fibre optic receiver for providing a digital elec- 
* trical output signal corresponding to the fibre optic 

^'^"^'\b) a coupler drive module for converting the 
digital electrical output signal to an analogue drive 
signal for input to an inductive coupler, 

(c) an inductive coupler unit compnsmg an 
inlet element for receiving tiie analogue drive signa) 
and an outlet element for transmitting an induced 
analogue drive signal, corresponding to the input 
signal, 

<M (d) a coupler output module for converting the 
< induced analogue drive signal to a digital electrical 
Ooutput signal for input to a fibre optic data link output 

O module, and 

O (e) a fibre optic data link output module com- 
CO prising a fibre optic transmitter module, for providing 
Sa fibre optic signal corresponding to the digital eiec- 
trical input signal, connected to a connector for a 

O fibre optic. 

The coupler is particularly suitable for use in 
Sjsubsea applications in association with a power ca- 
ble. 
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FIBRE OPTIC DATA COUPLER 



This invention relates to a fibre optic data cou- 
pler suitable for use in subsea applications. 

At present, signal cables for subsea use are 
electrical and employ inductive or plug and socket 
connectors. The flat faced inductive types are sim- 
pler to use and are more reliable. However, be- 
cause of the limited bandwith or data rate perfor- 
mance of existing types, such as co-axial cables or 
screened twisted pair data links, there is a need for 
an effective coupler which will permit the use of 
fibre optic (FO) data links. 

Existing fibre optic connectors are of the con- 
ductive type and have the following limitations: 
precise alignment Is required for their make-up, 
any ingress of water around the pins during make- 
up may lead to rapid failure, 
only a limited number of make and breaks is possi- 
ble, thus leading to limited life and. 
subsea mating is difficult, particularly remote sub- 
sea mating. 

We have now devised an inductive coupler 
which eliminates the disadvantages of tiie conduc- 
tive type. 

Thus according to the present invention there 
is provided a fibre optic data coupler comprising: 

(a) a fibre optic data link input module com- 
prising an input connector for a fibre optic con- 
nected to a fibre optic receiver, preferably 
equipped with automatic gain control, for providing 
a digital electrical output signal conrespondlng to 
the fibre optic signal. ^ 

(b) a coupler drive module for converting the 
digital electrical output signal to an analogue drive 
signal for input to an inductive coupler, 

(c) an inductive coupler unit comprising an 
inlet element for receiving the analogue drive signal 
and an outlet element for transmitting an induced 
analogue drive signal corresponding to the input 

signal, ^ . , 

(d) a coupler output module . preferably 
equipped with automatic gain control, for convert- 
ing the induced analogue drive signal to a digital 
electrical output signal for input to a fibre optic data 
link output module, and 

(e> a fibre optic data link output module 
comprising a fibre optic transmitter module, prefer- 
ably equipped with automatic gain control, for pro- 
viding a fibre optic signal corresponding to tine 
digital electrical input signal, connected to a con- 
nector for a fibre optic. 

(a)Th fibre optic data link input module 

There will normally be one optical fibre per 



data channel. Data is assumed to be unidirectional 
on the fibre and at a single optical wavelength. {If 
wavelengtii multiplexed or bidirectional optical data 
is to be handled, then appropriate demultiplexing to 
5 an array of Individual couplers may be required). 

For short data links of a few km or less, a 
number of fibre types are suitable. Current fibre 
standards, expressed as core/cladding diameters m 
microns are: 50/125.62.5/125 and 85/125 graded 
10 index fibres, 100/140 semi-graded index fibres, and 
200/250 or 200/300 step index fibres. Any of these 
will give a distance: bandwidtii product of 50 
MHz.km or greater. 

The FO receiver can be an AC coupled 
15 photodiode with an amplifier, followed by a 
Schmidt trigger form of level detection to give TTL 
(Transistor-transitor logic) level binary output. Var- 
ious commercial receivers are available incorporat- 
ing these functions, 

20 

(b) The coupler drive module 

There are two primary considerations in re- 
26 spect of the coupler drive module. 

The first is tiie achievable frequency response 
in the inductive coupler. This can be broad re- 
sponse, from 10's of Hz to a few MHz. with a peak 
coupling efficiency in the 10's of kHz to 100's of 
30 kHz region. Alternatively if the drive frequency is 
known, the drive stage output impedance togetiier 
with the coupler inductance, can be tailored to give 
drive resonance at the frequency of operation. If 
two drive frequencies are employed, then two coil 
35 windings can be employed, to give two drive reso- 
nance frequencies. This resonant approach, which 
can also be employed in the inductive coupler 
output stage, can significantiy improve coupler effi- 
ciency and noise immunity. 
40 The second consideration is the drive 
waveform. Since an inductive coupler has zero 
coupling efficiency at DC, it is not possible merely 
to employ a drive stage following the digital 
waveform. '1' or 'C levels will not couple ade- 
45 quately through the coupler. Ideally, the dnve 
waveform should be sinusoidal and of constant 
amplitude. 

If a data M' were represented by the presence 
of a sinusoid, and a data '0' by its absence, then 
60 two problems arise. The first is the amplitude tran- 
sients associated with a to 'V or to 0 
transmission: such transients are undesirable and 
can constitute a noise source. The second problem 
is tiiat it is not possible to distinguish between an 
data level, and a disconnected coupler. For 
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these reasons, it is common data link practice to 
employ either 'Frequency Shift Keying' (FSK) or 
'Differential Phase-Shift Keying' (DPSK). In FSK, 
'>'s and '0*3 are represented by two different fre- 
quencies. In DPSK, 'I's and '0*s are represented 
by the saine frequency but (typically) with a 180* 
phase shift at the data transitions. In either in- 
stance, the failure of a data coupling can now be 
detected. 

Standard modem chips are available which can 
perform the FSK or DPSK function; most operate at 
a maximum of 2A kbifs and are for telecom ap- 
plications. More recently higher data rate modem 
chips have become available for Local Area Net- 
work (LAN) applications. 

The chip output should be interfaced to the 
inductive coupler via an amplifier, eg a high power 
buffer, for increasing the strength of the signal. 

The required output will generally be of the 
order of 10VA. 



(c) The inductive coupler unit 

This may be a coaxial ferrite coupler and 
should be optimised for the highest frequency re* 
sponse for coupler gaps of 0 to 5 mm. 

Each coupler element preferably comprises an 
outer sheath, a filler, eg epoxy resin, and coaxial 
ferrite contacts. 



(d) The coupler output module 

The signal from the coupler output coil should 
be amplified to suitable levels for the frequency 
discriminator or decoder input. The FSK (or DPSK) 
signal is best decoded to a binary signal either by 
a standard modem chip, or by a phase locked loop 
form of frequency discriminator, since these should 
give higher signal to noise ratio than simple fre- 
quency filtering. In order to give a bit error rate 
(8ER) based on noise statistics of 1 in 10***, a 
signal to noise ratio (SNR) of 22 d8 is required. It 
may be preferable to employ a standard modem 
chip; these are available with input acoustic gain 
control (AGC) dynamic ranges of up to 30dB. 

The binary output of the frequency discrimina- 
tor is then interfaced to a transmitter which may be 
a standard TTL input FO transmitter. 



(e) The fibre optic data link output module 

This may comprise a light emitting diode. 

Optical fibres can easily and cost effectively be 
incorporated in pow r cables, thus the fibr optic 
data link will generally be used in conjunction with 



an AC power cable which will also have a power 
inductive coupler unit con^esponding to the data 
inductive coupler unit The power and data links 
wilt generally be incorporated in the same ele- 

5 ments. each element preferably comprising an out- 
er sheath, a filler, eg epoxy resin, co-axial femte 
contacts for the data link, and non-coaxial ferrite 
contacts for the power link. 

When this is the case in situ power generation 

10 for the coupler can be by transformer coupling off 
the power lines followed by rectification and 
stabilisation. In a fully developed system it may be 
desirable to incorporate trickle charged rechargea- 
ble batteries on either side of the coupler in order 

TS to ensure data continuity in the event of a power 
failure. 

If no power cable is associated with the data 
link then it will be necessary to provide an alter- 
native power source for the fibre optic data link 
20 coupler, eg a long life battery. 

The system is capable of handling a large 
amount of data in real time, eg, 
live video for subsea complexes, 
control and monitor of subsea multi-phase pumps, 
25 control and monitor of subsea processing, and 

interference free data links for unmanned platforms. 

Typical control functions include the remote 
control of Christmas tree valves, manifold valves, 
downhole safety valves and chemical injection sys- 
30 terns. 

Typical monitoring functions include gathering 
data from sensors, eg.. 

downhole sensors for monitoring pressure, tem- 
perature and ftowrate at the well head, 
35 Christmas tree sensors for monitoring valve status, 
sand detection pollution, choke and pipeline tools 
status, fiowrate, water monitors, etc. 
manifold sensors for monitoring valve and pipeline 
status, 

40 hydrocarbons, pollution, pressure, temperature, etc, 
and 

riser base sensors for determining structural behav- 
iour. 

A particular advantage of the system is that it 
45 remains effective for connector face separation at 5 
mm or greater and can tolerate connector lateral 
misalignment at 5 mm or greater. 

It can act as an optical repeater module. 
The invention is illustrated with reference to 
so Figures 1 and 2 of the accompanying drawings 
wherein 

Fig 1 is a schematic view of a combined 
power and data coupler and 

Rg 2 is a block diagram of the data coupler 
55 section and the power coupler section. 

Rg 1 shows a system for transmitting data and 
power from a production platform 1 to a subsea 
installation (not shown) by way of a power and 
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optical fibre inlet cable 2. a power and data coupl r 
shown schematically at 3 and a power and optical 
fibre outlet cable 4. 

The inlet section 5 of the coupler includes an 
outer case 6. an epoxy filler 7. concentric ferrite 
faces 8 for the data coupler section and non- 
concentric ferrite faces 9 for the power coupler 
section. 

The outlet section 10 is similar and contains 

matching faces. 

With reference to Fig 2, data from a data 
generator 11 is transmitted by a fibre optic trans- 
mitter 12 to a data coupler 13 and thence to a fibre 
optic receiver 14 and a data receiver 15. 

The data coupler 13 is shown in more detal 
immediately below. 

An input fibre optic 16 is connected to the 
connector 17 of a fibre optic receiver 18 containing 
a photodiode for converting the optical signal to an 
electrical signal and being connected to an am- 
plifier and a Schmidt trigger form of level detection 
to give a TTL level binary output. 

The binary output is then fed to a coder 19 
containing a modem chip capable of performing an 
FSK or DPSK function and thence to an amplifier 
20. 

The amplified signal is then fed to the mlet 
section 5 of tine inductive coupler unit 3 {see Fig 1) 
where it induces a current in ttie outiet section 10 
by means of tiie concentric ferrite faces 8 in tiie 
inlet section 5 and tt^e corresponding faces in tiie 
outiet section 10. 

The outlet section 10 is connected to an am- 
plifier 21 and tiie amplified signal is fed to a 
decoder 22 containing a modem chip capable of 
performing an FSK or DPSK function and thence to 
a LED 23 acting as a fibre optic transmitter for 
converting tiie electrical signal to an optical signal. 
The LED 23 is connected to a connector 24 which 
connects witii an output fibre optic 25, 

An AC power inlet cable 26 is associated witi^ 
tiie fibre optic 16 and fed to m inlet section 5 of 
tiie inductive coupler where H induces a current m 
the outiet section 10 by means of tiie non-concen- 
tric ferrite faces 9 in tiie inlet section 5 and the 
corresponding faces in the outiet section 10. Cur- 
rent leaves by power outiet cable 27, 

Power to supply ttie data coupler 13 is tapped 
from power cables 26 and 27 by inductive couplers 
28 and 29 and passed to rectifier and stabiliser 30 
and and rectifier and stabiliser 31 from which it 
emerges at DC-outiets 32 and 33 to power inlet 
section 5 and outiet section 10. respectively, of tiie 
data coupler. 



Claims 



1. A fibre optic data coupler characterised by 
the fact tiiat it comprises: 

(a) a fibre optic data link input module com- 
prising an input connector (17) for a fibre optic (16) 

6 connected to a fibre optic receiver (18) for provid- 
- ing a digital electrical output signal corresponding 
to tiie fibre optic signal. 

(b) a coupler drive module (19) for convert- 
ing tiie digital electrical output signal to an ana- 

10 logue drive signal for input to an inductive coupler. 

(c) an Inductive coupler unit (3) compnsing 
an inlet element (5) for receiving tiie analogue drive 
signal and an outlet element (10) for transmitting an 
induced analogue drive signal, corresponding to 

75 tiie input signal, 

(d) a coupler output module (22) for convert- 
ing tiie induced analogue drive signal to a digital 
electrical output signal for input to a fibre optic data 
link output module, and 

20 (e) a fibre optic data link output module 

comprising a fibre optic transmitter module (23). for 
providing a fibre optic signal corresponding to tiie 
digitaT electrical input signal, connected to a con- 
nector (24) for a fibre optic (25). 

25 ^ A fibre optic data coupler according to claim 
1 wherein tiie fibre optic receiver (18) comprises a 
photodiode, 

3 A fibre optic data coupler according to either 
of the preceding claims wherein tiie coupler drive 

30 module comprises a coder (19) connected to an 

amplifier (20). 

4 A fibre optic data coupler according to claim 
3 wherein tiie coder (19) is a modem chip capable 
of performing an FSK or DPSK function. 

35 5 A fibre optic data coupler according to any 
of tiie preceding claims wherein tiie inductive cou- 
pler unit (3) comprises a coaxial ferrite element (8) 
as input and a coaxial ferrite element as output 
6 A fibre optic data coupler according to any 

40 of tiie preceding claims wherein tiie coupler output 
module comprises an amplifier (21) and a decoder 

(22) . 

9 A fibre optic data coupler according to claim 
6 wherein the decoder (22) is a modem chip ca- 
4S pabie of performing an FSK or DPSK function. 

8 A fibre optic data coupler according to any 
of the preceding claims wherein the fibre optic data 
link output module comprises a light emitting diode 

(23) . ^. , 

so 9 A fibre optic data coupler according to any 
of the preceding claims associated with a power 
cable inductive coupler (9). 

10 A fibre optic data coupler and power cable 
Inductive coupl r acc rding to claim 9 wherein 
65 power for the fibre optic data coupler is generated 
in situ by transfomier coupling (28). (29) off the 
power lines (26) and (27) follow d by rectification 
and stabilisation (30. 31). 
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FIG. 2 




